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IMPORTANCE Suicide attempts are common in individuals with eating disorders. More precise
understanding of themechanisms underlying their concomitant occurrence is needed.
OBJECTIVE To examine the association between eating disorders and suicide attempts and
whether familial risk factors contribute to the association.
DESIGN, SETTING, AND PARTICIPANTS A Swedish birth cohort including individuals born in
Sweden between January 1, 1979, and December 31, 2001, was followed up from age 6 years
to December 31, 2009 (N = 2 268 786). Information was acquired from Swedish national
registers. All individuals were linked to their biological full siblings, maternal half siblings,
paternal half siblings, full cousins, and half cousins. Data analysis was conducted from
October 5, 2014, to April 28, 2015.
MAIN OUTCOMES ANDMEASURES Eating disorders were captured by 3 variables (any eating
disorder, anorexia nervosa, and bulimia nervosa) identified by any lifetime diagnoses
recorded in the registers. Suicide attempts were defined as any suicide attempts, including
death by suicide, recorded in the registers. We examined the association between eating
disorders and death by suicide separately, but the study was underpowered to explore
familial liability for this association.
RESULTS Of 2 268 786 individuals, 15 457 females (1.40% of all females) and 991 males
(0.09% of all males) had any eating disorder, 7680 females (0.70%) and 453males (0.04%)
had anorexia nervosa, and 3349 females (0.30%), and 61 males (0.01%) had bulimia nervosa.
Individuals with any eating disorder had an increased risk (reported as odds ratio [95% CI]) of
suicide attempts (5.28 [5.04-5.54]) and death by suicide (5.39 [4.00-7.25]). The risks were
attenuated but remained significant after adjusting for comorbid major depressive disorder,
anxiety disorder, and substance use disorder (suicide attempts: 1.82 [1.72-1.93]; death by
suicide: 2.04 [1.49-2.80]). Similar results were found for anorexia nervosa (suicide attempts:
crude, 4.42 [4.12-4.74] vs adjusted, 1.70 [1.56-1.85]; death by suicide: crude, 6.46 [4.38-9.54]
vs adjusted, 2.67 [1.78-4.01]) and bulimia nervosa (suicide attempts: crude, 6.26 [5.73-6.85]
vs adjusted, 1.88 [1.68-2.10]; death by suicide: crude, 4.45 [2.44-8.11] vs adjusted, 1.48
[0.81-2.72]). Individuals (index) who had a full sibling with any eating disorder had an
increased risk of suicide attempts (1.41 [1.29-1.53]). The risk was attenuated for any eating
disorder in more-distant relatives (maternal half siblings, 1.10 [0.90-1.34]; paternal half
siblings, 1.21 [0.98-1.49]; full cousins, 1.11 [1.06-1.18]; half cousins, 0.90 [0.78-1.03]). This
familial pattern remained stable after adjusting for the index individuals’ eating disorders.
Similar patterns were found for anorexia nervosa and bulimia nervosa.
CONCLUSIONS AND RELEVANCE These results suggest an increased risk of suicide attempts in
individuals with lifetime eating disorders and their relatives. The pattern of familial
coaggregation suggests familial liability for the association between eating disorders and
suicide. Psychiatric comorbidities partially explain this association, suggesting particularly
high-risk presentations.
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E atingdisorders, includinganorexianervosa (AN)andbu-limianervosa (BN), are severepsychiatricdisorderswithpeak onset during adolescence and early adulthood.1
The disorders are associated with high prematuremortality,2
including elevated risk of suicide.3-5 Basedonmeta-analyses,
approximately 1of 5prematuredeaths inpatientswithANwas
due to suicide2; suicide-specific standardized mortality ra-
tioswere estimated to be 18.1 in AN4 and 7.5 in BN.3 However,
studies included in the meta-analyses reported considerably
varied estimates, possibly owing to differences in follow-up
time, source, sample size, and representativeness of the
samples.2,3,6 Large population-based studies are essential to
provide more reliable estimates of the risk of suicide in indi-
viduals with eating disorders.
Themechanism underlying the association between eat-
ingdisorders and suicide attempts remainsunclear. Fewstud-
ies have been adequately powered to explore the influence of
psychiatric comorbidities on the association,2 although ma-
jor depressive disorder (MDD), anxiety disorders, and sub-
stanceusedisorderhavebeenassociatedwithbotheatingdis-
orders and suicide attempts.7-10 Evaluating the influence of
psychiatric comorbidities on the elevated suicide risk in eat-
ing disorders can elucidate the mechanism underlying sui-
cide attempts in individualswith eating disorders and inform
clinical decision making in suicide prevention.
Both eating disorders and suicide attempts aggregate in
families11,12; however, their coaggregation in families has not
been thoroughly explored, with the exception of investiga-
tions on the effect of family history of a range of psychiatric
disordersonsuicide.13,14Genetically informativedesigns, such
as comparison of the coaggregation of disorders across rela-
tiveswith different degrees of relatedness, can provide infor-
mation on the extent to which familial risk factors influence
the association between eating disorders and suicide
attempts.15,16Usingagenetically informativedesignandpopu-
lation data fromSwedish national registers, we estimated the
associationbetweeneatingdisorders and suicide attemptsbe-
fore and after accounting for the effect of psychiatric comor-
bidities and investigated the extent to which familial risk
factors contributed to the association.
Methods
The study was approved by the regional ethics review board
in Stockholm, Sweden. The requirement for informed con-
sent was waived because the study was based on population
registers. Individuals in the study population were not
identifiable at any time.
Study Population and Swedish National Registers
The study population included individuals born in Sweden
between January 1, 1979, and December 31, 2001, and had
both biological parents identifiable in the population regis-
ters; adopted individuals and individuals who had emigrated
or died before age 6 years were excluded yielding a final
sample of 2 268 786 individuals, of whom 51.4% were males.
We followed up the study population until December 31,
2009, when the youngest individuals were aged 8 years and
the oldest individuals were aged 30 years. Using unique per-
sonal identification numbers, we linked several Swedish
registers.17 In line with previous research based on Swedish
population registers,16 we obtained data on birth year and sex
from the Total Population Register (Statistics Sweden). We
linked individuals to their biological parents using the Multi-
Generation Register.18 Immigration and emigration data were
obtained from the Migration Register (Statistics Sweden). We
obtained records from the National Patient Register (NPR)
(National Board of Health and Welfare) of psychiatric inpa-
tient (since 1973) and outpatient (since 2001) contacts from
across Sweden. Discharge diagnoses were recorded according
to the Swedish versions of the International Classification of
Diseases, Eighth Revision (ICD-8) (1973-1986) and Ninth Revi-
sion (ICD-9) (1987-1996) and the International Statistical Clas-
sification of Diseases and Related Health Problems, Tenth Revi-
sion (ICD-10) (1997 to present).19 From the Swedish National
Quality Assurances Register for Specialized Eating Disorder
Treatment (Riksät) (since 1999) and the Internet-based
quality assurance system for eating disorders (Stepwise
database,20,21 since 2005), we obtained eating disorder diag-
noses from across Sweden. The coverage of the quality
registers (Riksät and Stepwise) increased over time.22 Diag-
noses in both quality registers were coded based on the
DSM-IV-TR,23 and individuals were registered once intent-to-
treat status was established. We acquired causes of death
coded according to ICD, revisions 8 to 10 from the Cause of
Death Register (National Board of Health andWelfare).
Identification of Families and Relatives
Using the Multi-Generation Register, we identified 5 cohorts
of biological relatives representingdecreasing levels of shared
genetic and environmental relatedness: full siblings, mater-
nal half siblings, paternal half siblings, full cousins, and half
cousins (offspringwhoseparentsarehalf siblings).Family iden-
tification numbers linked the relatives and were used to
statistically control for nonindependence within the data.
Eating Disorders
Basedon lifetimediagnoses of eating disorders in theNPRand
the quality registers, we defined 3 analytic sets that were not
mutually exclusive: (1) any eating disorder, defined as ICD-9
codes307Bor307Fand ICD-10codesF50.0,F50.1,F50.2,F50.3,
or F50.9 in the NPR, ormeetingDSM-IV criteria for eating dis-
orders (AN,atypicalAN,BN,atypicalBN,oreatingdisordersnot
otherwise specified) in the quality registers; (2) AN, defined as
any diagnosis of AN or atypical AN, identifiedwith ICD-9 code
307B and ICD-10 codes F50.0 or F50.1 in the NPR, or meeting
DSM-IV criteria for AN or atypical AN in the quality registers
(other lifetime eating disorders could be present); and (3) BN,
defined as any diagnosis of BN or atypical BN, identified with
ICD-10 codesF50.2orF50.3 in theNPR,ormeetingDSM-IV cri-
teria for BN or atypical BN in the quality registers (other life-
timeeatingdisorders couldbepresent). TheperiodofBNdiag-
nosis was shorter than that of any eating disorder and AN
because BN was not an independent eating disorder category
in the Swedish versions of ICD before ICD-10.24
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Suicide Attempts
Suicide attempts were defined as any suicide attempt re-
ported in theNPRor death by suicide reported in theCause of
DeathRegister, based on ICD-9 codes E950 throughE959 and
E980 throughE989and ICD-10 codesX60 throughX84orY10
through Y34.16 We examined the association between
eatingdisorders anddeathby suicide separately, but the study
was underpowered to explore familial liability for this
association.
Comorbid Psychiatric Disorders
Psychiatric comorbiditieswere identified fromtheNPRand in-
cludedMDD(ICD-9codes296.3, 300.4,or311 and ICD-10codes
F32-F39 [except F34.0]), anxiety disorder (ICD-9 codes 300,
300.09, or 300.29 and ICD-10 codes F40-F41), and substance
usedisorder (ICD-9 codes 303-304, 305.0, or 305.9 and ICD-10
codes F10-F16 or F18-F19).25
Statistical Analysis
Association Between Eating Disorders and Suicide Attempts
We applied a cohort design to evaluate the association be-
tween eating disorders and suicide attempts; the results are
presented as odds ratios (ORs)with 95%CIs.We first fitted lo-
gistic regressions to the totalpopulation (adjusted for sex), and
to females andmales separately, to obtain crudeORs.We then
adjusted themodels forpsychiatric comorbidities toobtainad-
justed ORs. In all models, we adjusted for birth year and used
a robust (sandwich) estimator of SEs to account for noninde-
pendenceowing to familial clustering.26Deathby suicidewas
analyzed as a separate outcome.
Familial Liability for the Association
To explore the extent towhich familial risk factors contribute
to the association between eating disorders and suicide at-
tempts, we fitted a logistic model in each of the 5 relative co-
horts toestimate theORsofsuicideattempts in individualswho
had 1 or more relatives in the cohort with an eating disorder
comparedwith thosewhose relatives in thecohortdidnothave
the eating disorder. A significantly increased OR (ie, an in-
creased risk of suicide attempts in peoplewho had ≥1 relative
with an eating disorder comparedwith thosewhose relatives
didnothave aneatingdisorder) suggests that familial risk fac-
tors shared among relatives contribute to the association be-
tween eating disorders and suicide attempts. Furthermore, a
higher OR in full siblings than in maternal half siblings sug-
gests that genetic factors are operative because the 2 types of
siblings are assumed to share a similar family environment,
whereas full siblings aremore genetically similar thanmater-
nal half siblings. A higher OR inmaternal half siblings than in
paternal half siblings suggests that family environmental fac-
tors are operative because the 2 types of half siblings have
equivalent genetic sharing,whereasmaternal half siblings are
assumed to sharemore family environment thanpaternal half
siblings because childrenmore often remainwith theirmoth-
ers after parental divorce.15,16,27 In each model, we adjusted
for birth year, sex, and number of relatives in the specific co-
hort and used a robust (sandwich) estimator of SEs to
account for nonindependence due to familial clustering.
Sensitivity Analysis
In eachof the 5 relative cohorts,we repeated the analyses, ad-
justing for eating disorders in the index individual (the per-
son fromwhomweacquired information on suicide attempts
and relatives’ eating disorders). If the ORs remained signifi-
cantafteradjustment, thecontributionofcommonfamilial risk
factors to eating disorders and suicide attemptswould be fur-
ther supported (explained ineFigure in theSupplement).28We
alsoadjusted forMDD,anxietydisorder, andsubstanceusedis-
order in index individuals and in relatives to further test
whether the comorbidities were associated with the familial
liability.
Dataanalysiswasconducted fromOctober5, 2014, toApril
28, 2015. Data management was performed using SAS, ver-
sion 9.3 (SAS Institute, Inc); analyses were performed using
Stata, version 13.0 (StataCorp).
Results
Descriptive Statistics
More females thanmales had a lifetime history of eating dis-
orders (Table 1). Of 2 268 786 individuals, 15 457 females
(1.40% of all females) and 991 males (0.09% of all males)
had any eating disorder, 7680 females (0.70%) and 453
males (0.04%) had AN, and 3349 females (0.30%), and 61
males (0.01%) had BN. In both sexes, the prevalence of sui-
cide attempts and psychiatric comorbidities was higher in
individuals with eating disorders than in those without
eating disorders.
Association Between Eating Disorders and Suicide Attempts
Individuals with any eating disorder had an increased risk of
suicide attempts, reported as OR (95% CI) (5.28 [5.04-5.54]),
anddeath by suicide (5.39 [4.00-7.25]) (Table 2). The associa-
tions remained significant even after adjusting for comorbid
MDD, anxietydisorder, and substanceusedisorder (1.82 [1.72-
1.93] for suicide attempts; 2.04 [1.49-2.80] for death by sui-
cide). Adjustment for each comorbid disorder decreased the
magnitude of the effect, with the greatest reduction associ-
atedwithMDDfollowedbyanxietydisorderandsubstanceuse
disorder (eTable 1 in the Supplement). Similar patterns were
found for AN and BN in both sexes, except that the adjusted
ORof death by suicide in BNbecamenonsignificant, possibly
owing to the lack of power. Bulimia nervosa presented stron-
ger crude associations with suicide attempts compared with
AN,andANpresentedslightly stronger crudeassociationswith
death by suicide compared with BN.
Wedid not find support for sex differences in the associa-
tionbetweeneatingdisorders and suicide. Results of the tests
for interaction between sex and eating disorders are reported
in eTable 2 in the Supplement.
Familial Liability for the Association
Becausewe did not find support for sex differences in the as-
sociation between eating disorders and suicide attempts
(eTable 2 in the Supplement), we collapsed and adjusted for
sex to increase the power in the analyses addressing familial
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liability for the association (Table 3). The risk of suicide at-
tempts, reported as OR (95% CI), was significantly increased
in individuals with any full sibling with any eating disorder
comparedwith thosewithout full siblingswith anyeatingdis-
order in the full sibling cohort (1.41 [1.29-1.53]). The risk was
also increased in individualswith any full cousinwith anyeat-
ingdisordercomparedwith thosewithout full cousinswithany
eatingdisorder in the full-cousincohort (1.11 [1.06-1.18]).These
results suggest that familial risk factors underlie the associa-
tion between eating disorders and suicide attempts. The OR
in full siblingswashigher than that in full cousins, further sup-
porting the importance of familial risk factors in accounting
for the association. We did not detect significant ORs in half
siblings. Similar patterns were observed for individuals with
relativeswithAN(full siblings: 1.21 [1.06-1.37]; full cousins: 1.13
[1.04-1.22]), and individuals with relatives with BN (full sib-
lings: 1.56 [1.31-1.86]; full cousins: 1.20 [1.07-1.34]) (Table 3).
For any eating disorder, the OR in full siblings was slightly
higher than theOR inmaternal half siblings (P = .02), suggest-
ing that some common familial risk factors for any eating dis-
order and suicide attemptsmay be genetic.We did not detect
significant differences between theOR inmaternal andpater-
Table 1. Distribution of Suicide Attempts Stratified by Sex and Eating Disorder Diagnosisa
Characteristic
Any Eating Disorder Anorexia Nervosa Bulimia Nervosa
Yes No Yes No Yes No
Eating Disorders
No. 16 448 2 252 338 8133 2 260 653 3410 2 265 376
Female 15 457 1 088 136 7680 1 095 913 3349 1 100 244
Male 991 1 164 202 453 1 164 740 61 1 165 132
Prevalence, % 0.72 NA 0.36 NA 0.15 NA
Female 1.40 NA 0.70 NA 0.30 NA
Male 0.09 NA 0.04 NA 0.01 NA
Age at first diagnosis, mean (SD), y 18.4 (4.0) NA 17.4 (3.6) NA 21.0 (3.4) NA
Female 18.5 (4.0) NA 17.4 (3.6) NA 21.0 (3.4) NA
Male 16.1 (4.5) NA 15.9 (3.6) NA 21.0 (4.0) NA
Suicide Attempts
Any suicide attempts, No. (%) 2148 (13.1) 44 293 (2.0) 923 (11.3) 45 518 (2.0) 595 (17.4) 45 846 (2.0)
Female 2077 (13.4) 23 491 (2.2) 895 (11.6) 24 673 (2.3) 581 (17.3) 24 987 (2.3)
Male 71 (7.2) 20 802 (1.8) 28 (6.2) 20 845 (1.8) 14 (23.0) 20 859 (1.8)
Age at first suicide attempts,
mean (SD), y
18.9 (3.5) 18.0 (4.8) 18.7 (3.4) 18.0 (4.8) 19.6 (3.3) 18.0 (4.8)
Female 18.8 (3.5) 17.6 (4.4) 18.7 (3.4) 17.7 (4.4) 19.6 (3.3) 17.7 (4.4)
Male 19.3 (3.8) 18.4 (5.2) 18.8 (3.8) 18.4 (5.2) 20.3 (3.1) 18.4 (5.2)
Death by suicide, No. (%) 48 (0.29) 1467 (0.07) 27 (0.33) 1488 (0.07) 11 (0.32) 1504 (0.07)
Female 43 (0.28) 400 (0.04) 23 (0.30) 420 (0.04) 10 (0.30) 433 (0.04)
Male 5 (0.50) 1067 (0.09) 4 (0.88) 1068 (0.09) 1 (1.6) 1071 (0.09)
Age at death by suicide, mean (SD), y 20.8 (3.5) 21.2 (3.9) 20.3 (3.2) 21.2 (3.9) 22.0 (3.0) 21.2 (3.9)
Female 20.8 (3.5) 20.3 (3.9) 20.2 (3.1) 20.3 (3.9) 22.1 (3.1) 20.3 (3.9)
Male 20.4 (3.5) 21.5 (3.8) 20.3 (4.0) 21.5 (3.8) 21.0 (NA) 21.5 (3.8)
Psychiatric Comorbidities
Major depressive disorder, No. (%) 5247 (31.9) 49 255 (2.2) 2320 (28.5) 52 182 (2.3) 1349 (39.6) 53 153 (2.3)
Female 5011 (32.4) 30 358 (2.8) 2217 (28.9) 33 152 (3.0) 1323 (39.5) 34 046 (3.1)
Male 236 (23.8) 18 897 (1.6) 103 (22.7) 19 030 (1.6) 26 (42.6) 19 107 (1.6)
Anxiety disorder, No. (%) 3742 (22.8) 45 684 (2.0) 1506 (18.5) 47 920 (2.1) 958 (28.1) 48 468 (2.1)
Female 3544 (22.9) 28 602 (2.6) 1439 (18.7) 30 707 (2.8) 934 (27.9) 31 212 (2.8)
Male 198 (20.0) 17 082 (1.5) 67 (14.8) 17 213 (1.5) 24 (39.3) 17 256 (1.5)
Substance use disorder, No. (%) 1731 (10.5) 52 897 (2.4) 741 (9.1) 53 887 (2.4) 507 (14.9) 54 121 (2.4)
Female 1655 (10.7) 23 813 (2.2) 709 (9.2) 24 759 (2.3) 494 (14.8) 24 974 (2.3)
Male 76 (7.7) 29 084 (2.5) 32 (7.1) 29 128 (2.5) 13 (21.3) 29 147 (2.5)
Abbreviation: NA, not applicable.
a The diagnostic period for bulimia nervosa (BN) differed from any eating
disorders and anorexia nervosa (AN). Any eating disorder and ANwere
identified based on the Swedish version of the International Classification of
Disease, Ninth Revision (ICD-9) (1987-1996) and International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10)
(1997-2009) diagnoses in the National Patient Register (NPR) and DSM-IV
diagnoses in the quality registers (Swedish National Quality Assurances
Register for Specialized Eating Disorder Treatment [Riksät, 1998-2009] and
Stepwise [2005-2009]); BNwas identified based on only ICD-10 diagnoses in
NPR and DSM-IV diagnoses in the quality registers.
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nal half siblings. For AN or BN, the ORs did not differ signifi-
cantly between full siblings and maternal half siblings or be-
tween half siblings.
Sensitivity Analysis
TheORsof suicideattempts in individuals (index)withany full
sibling or full cousin with an eating disorder remained statis-
Table 2. ORs of Suicide Attempts and Death by Suicide in IndividualsWith Eating Disordersa
Characteristicb Crude OR (95% CI) P Value Adjusted OR (95% CI) P Value
Suicide attempts
Total population (N = 2 268 786)
Any eating disorder 5.28 (5.04-5.54) <.001 1.82 (1.72-1.93) <.001
Anorexia nervosa 4.42 (4.12-4.74) <.001 1.70 (1.56-1.85) <.001
Bulimia nervosa 6.26 (5.73-6.85) <.001 1.88 (1.68-2.10) <.001
Female (n = 1 103 593)
Any eating disorder 5.29 (5.04-5.56) <.001 1.66 (1.56-1.77) <.001
Anorexia nervosa 4.40 (4.10-4.72) <.001 1.55 (1.42-1.70) <.001
Bulimia nervosa 6.19 (5.65-6.78) <.001 1.68 (1.50-1.89) <.001
Male (n = 1 165 193)
Any eating disorder 3.86 (3.03-4.91) <.001 1.57 (1.19-2.06) .001
Anorexia nervosa 3.29 (2.25-4.82) <.001 1.49 (0.97-2.27) .07
Bulimia nervosa 11.24 (6.22-20.32) <.001 2.88 (1.40-5.93) .004
Death by suicide
Total population (n = 1 919 114)
Any eating disorder 5.39 (4.00-7.25) <.001 2.04 (1.49-2.80) <.001
Anorexia nervosa 6.46 (4.38-9.54) <.001 2.67 (1.78-4.01) <.001
Bulimia nervosa 4.45 (2.44-8.11) <.001 1.48 (0.81-2.72) .20
Female (n = 891 434)
Any eating disorder 5.36 (3.91-7.36) <.001 1.81 (1.28-2.56) .001
Anorexia nervosa 5.93 (3.89-9.03) <.001 2.18 (1.39-3.42) .001
Bulimia nervosa 4.39 (2.34-8.23) <.001 1.29 (0.68-2.45) .44
Male (n = 938 205)
Any eating disorder 5.36 (2.21-12.97) <.001 2.27 (0.90-5.72) .08
Anorexia nervosa 9.96 (3.69-26.89) <.001 4.62 (1.59-13.40) .005
Bulimia nervosa 9.56 (1.30-70.65) .03 2.44 (0.32-18.71) .39
Abbreviation: OR, odds ratio.
a When estimating crude ORs, we adjusted for birth year, sex (for total
population), and used a robust (sandwich) estimator of SEs to account for
nonindependence owing to familial clustering. When estimating adjusted ORs,
we additionally adjusted for psychiatric comorbidities includingmajor
depressive disorder, anxiety disorder, and substance use disorder. Individuals
with any eating disorder, anorexia nervosa, and bulimia nervosa had
significantly increased risk of both suicide attempts and death by suicide. Most
of the associations remained significant even after adjusting for psychiatric
comorbidities, except a few, possibly owing to limited power resulting from
the rarity of the eating disorder and death by suicide in the corresponding
population. Individuals in some birth-year strata were excluded from analyses
for death by suicide (females born in 1997-2001 andmales born in 1996 and
1998-2001), because there were no deaths by suicide in those years. This
exclusion resulted in a smaller number of observations used in analyses for
death by suicide than that used in analyses for suicide attempts in which no
individual was excluded.
bNumbers represent the observations used in analyses.
Table 3. ORs of Suicide Attempts in IndividualsWith at Least 1 RelativeWith an Eating Disordera
Relative Cohortb
Any Eating Disorder Anorexia Nervosa Bulimia Nervosa
OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value
Full sibling (n = 1 680 658) 1.41 (1.29-1.53) <.001 1.21 (1.06-1.37) .004 1.56 (1.31-1.86) <.001
Maternal half sibling (n = 253 172) 1.10 (0.90-1.34) .36 1.09 (0.81-1.47) .56 1.13 (0.74-1.73) .57
Paternal half sibling (n = 248 939) 1.21 (0.98-1.49) .08 1.25 (0.91-1.72) .17 1.36 (0.89-2.06) .15
Full cousin (n = 1 753 065) 1.11 (1.06-1.18) <.001 1.13 (1.04-1.22) .003 1.20 (1.07-1.34) .001
Half cousin (n = 384 222) 0.90 (0.78-1.03) .14 0.82 (0.67-1.00) .54 1.01 (0.77-1.33) .92
Abbreviation: OR, odds ratio.
a Outcomewas defined as suicide attempts (any suicidal attempt or death by
suicide). Themodels estimated the risk of suicide attempts in people with at
least 1 relative with an eating disorder. We controlled for birth year, sex, and
number of the type of relatives in themodels, and used a robust (sandwich)
estimator of SEs to account for nonindependence owing to familial clustering.
A significantly elevated risk of suicide attempts was found in individuals with
any full sibling with any eating disorder, anorexia nervosa, and bulimia
nervosa, and in individuals with any full cousin with any eating disorder,
anorexia nervosa, and bulimia nervosa.
bNumbers represent the observations used in analyses.
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tically significant even after adjusting for the index individu-
als’ eatingdisorders (eTable 3 in theSupplement), further sup-
porting familial liability for eating disorders and suicide
attempts. Controlling for MDD, but not for other comorbidi-
ties, in the index individuals aswell as in relatives reduced the
familial liability for any eating disorder, AN, and BN and
suicide attempts (eTable 4 and eTable 5 in the Supplement).
Discussion
Using nationwide register data, we thoroughly explored the
associationbetweeneatingdisorders andsuicideattemptsand
revealeda familial liability for theassociation. In linewithpre-
vious research,2we foundstrongassociationsbetweenanyeat-
ing disorder, AN, and BN and suicide attempts. We extended
previous studies by adjusting for comorbid psychiatric disor-
ders. Theassociations remained significant, suggesting theel-
evated risks of suicide attempts in eatingdisorders arenot en-
tirely accounted for by psychiatric comorbidity. We did not
observe sex differences in the association between eating
disorders and suicide attempts.
Althoughprevious research29,30has suggested familial in-
fluences on both eating disorders and suicide separately,
whether these outcomes have common familial risk was
unclear. We addressed this uncertainty by demonstrating an
elevated risk of suicide attempts in individuals with any full
siblingor full cousinwithanyeatingdisorder,AN,andBNcom-
pared with individuals without any full sibling or full cousin
with the eating disorders (Table 3) even after controlling for
the index individuals’ eatingdisorders (eTable 3 in theSupple-
ment). This finding reveals that the association between
eating disorders and suicide is influenced by familial risk fac-
tors. By comparing theORs across different types of relatives,
our design allowed deeper exploration of the origin of the fa-
milial liability. If the familial liability was genetic, higher ORs
would be expected in full siblings than in maternal half sib-
lings because these relatives share similar family environ-
ments, but full siblings sharemoregenetic factors thandoma-
ternal half siblings.15,16Weobserveda slightlyhigherOR in full
siblings than in maternal half siblings for any eating disorder
(P = .02), suggesting genetic influence on the association be-
tween any eating disorder and suicide attempts. If the famil-
ial liabilityoriginated fromthe familyenvironment,higherORs
would be expected in maternal half siblings than in paternal
half siblings because these relatives have equivalent genetic
sharing, but maternal half siblings share greater family
environment.15,16Wedidnotobserve thispattern,whichcould
be the result of (1) the absence of family environmental ef-
fects, consistent with twin studies reporting minimal family
environmentaleffectsoneithereatingdisordersor suicide29-32;
(2) inadequate statistical power; or (3) changes in custody ar-
rangements that led to fewer differences in shared family en-
vironment between maternal and paternal half siblings than
expected.33Ourpatternof results reflects thoseofa recent twin
study34 reporting common genetic, but not family environ-
mental, influenceonboth eatingdisorders and suicide. These
results suggest thatheritable andcommonrisk factors forboth
eating disorders and suicide attempts may exist and be
useful for risk identification.
In addition to the main findings, our study has 2 impor-
tant contributions. First, we confirmed and further quanti-
fied the effect of comorbid MDD, anxiety disorder, and
substance use disorder on suicide risk in individuals with
eating disorders. Our finding is in line with previous studies
reporting associations between the comorbidities and both
eating disorders and suicide attempts9,10,35 as well as studies
showing an elevated suicide risk in individuals with eating
disorders with greater comorbid psychiatric burden.36,37 In
addition, the decreased familial risk when adjusting for MDD
in family members suggests that the familial liability may
partly relate to MDD (eTable 4 and eTable 5 in the Supple-
ment). However, whether the association is genetic and/or
environmental requires further study.
Second,we found that BNpresented a higher crudeORof
suicide attempts and a lower, yet comparable, crude OR of
death by suicide compared with AN (Table 2). This observa-
tiondiffers fromthe resultsof ameta-analysis showinga lower
suicide risk in BN than AN3 but is in line with a Danish study
reporting a higher hazard ratio of suicide attempts in BN than
AN38 and anoutpatient-basedmortality study reporting com-
parable suicide-specific standardized mortality ratios for AN
andBN.39 In aggregate, these findings encourage vigilance for
suicidality in both AN and BN.
Our findings should be contextualized by considering the
limitations of our design. First, the lifetime prevalence of eat-
ing disorders that we observed in the register data was lower
than the survey-based lifetimeprevalence inother studies,1 in-
cluding one based on Swedish adult twins.31 This difference
couldbe the resultof (1) registerdata capturingonly treatment-
seeking cases (and treatment seeking can differ across eating
disorders), (2) the coverage of the eating disorder quality reg-
isters increasingover time,22 and (3) forBNparticularly, thedi-
agnosisbeingunavailable in theSwedishversionof the ICD-9.24
Suchunderdetectionmightdilute the association if theunder-
detectionwerenondifferential betweenpeoplewithandwith-
outsuicideattempts.However, theeffect shouldbeminorsince
eatingdisorderswere relatively rare.Nevertheless, theassocia-
tionmight be overestimated if suicide attemptswere overrep-
resented intreatment-seeking individualscomparedwiththose
who did not seek treatment, or if the diagnosis of eating disor-
ders facilitatedthediscoveryofsuicideattemptsandviceversa.
In addition, the generalizability of our findings might be lim-
itedastheregisterscapturedonlytreatment-seekingcases.Simi-
lar limitations could be attributed to possiblemisclassification
in thediagnosisof suicideattempts.40Second, it ispossible that
confoundingeffectsremainafteradjustingforcomorbiditiesand
that theadjustmentmayovercorrect theassociationormay in-
troduce bias owing to the complexity of the correlations be-
tweenpsychiatricdisorders.Therefore, theadjustedORshould
not be overinterpreted. Nevertheless, the adjusted OR sug-
gests particularly high-risk groups in eating disorders. Poten-
tial problems related to overadjustment do not influence our
main conclusion about familial liability between eating disor-
ders and suicide attempts. Third, despite the large sample size
and long follow-upperiod, the study remainedunderpowered
Familial Liability for Eating Disorders and Suicide Attempts Original Investigation Research
jamapsychiatry.com (Reprinted) JAMAPsychiatry March 2016 Volume 73, Number 3 289
Downloaded From: https://jamanetwork.com/ by a University Of North Carolina - Chapel Hill User  on 08/14/2019
Copyright 2016 American Medical Association. All rights reserved.
to clearly distinguish genetic from family environmental ef-
fects. This limitation is illustrated by thewide 95%CIs for ORs
in half siblings. Larger studies and more effective designs are
needed to distinguish genetic from family environmental fac-
torswithgreater certainty. In addition, the inferenceof theori-
gin of familial liability by comparing different types of siblings
wasbasedonanassumptionthat full siblingssharedequal fam-
ilyenvironmentwithmaternalbutnotpaternalhalf siblings.15,16
Theassumptionwassupportedby the fact thatmost (91%)chil-
dren live with their mother after parental divorce.27 However,
morechildrennowspendequal amountsof timewithbothpar-
entsafterparentaldivorcethanbefore.33Nevertheless, thistrend
was less likely to influence the older individuals in the study
population. Finally, identification of the comorbid conditions
might be incomplete since only diagnoses captured via health
care contacts were included in the register.
Conclusions
Toour knowledge, this is oneof the largest studies investigat-
ing the association between eating disorders and suicide at-
tempts and their coaggregation in families. Use of data from
the total Swedish population guaranteed the representative-
ness, improved the precision of the estimates, and elimi-
nated potential recall bias. Furthermore, the genetically in-
formative design allowed us to examine the familial liability
for eating disorders and suicide attempts. The study repre-
sents an important step toward understanding the mecha-
nismunderlying theassociationbetweeneatingdisorders and
suicide, and it encourages future studies to distinguish be-
tween genetic and environmental risk factors and examine
their interaction.
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